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No.sl Page 1. San Juan, Porto Rico, November, 1925. 
-THE RELATION OF IRRIGATION ON CANE FIELDS TO THE MALARTA PROBLEM. 
By Walter C. Earle, B.S., M.D. 
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. 
International Health Board, Rockefeller Foundation. 
It is well known that in many parts of Porto Rico where malaria is particular), 

sovere, irrigation of cane fields is practised and in any one region the highest 

rates of infection are usually found near or in these cane fields. Studies at Ponce 
based upon the examination of the spleens of 5000 children clearly demonstrated this . _ ie 
fact. In the hills back of thé city 9.5% of children were found with enlarged 

sploens = on the border of the city toward the cane fields, 17.4% were thus found, 

in the suburban zone, including the groups of houses just outside of the city, a 

rate of 29.2% was found, waile in the colonies in the center of the irrigated fields 

the rate was 47%. At Fajardo the parcertage of persons found infected was much 

higher in the cane fields than in the regions on the hills. Everywhere infection 

rates are much higher on the coastal olains thon ther aro in the mountainous dis~ 
tricts. Obviously the reason for these high rates sius% be found in or near the cane 
fields, but since most of these regions also have swamp arens and other water depos 

its at no great distances, the relative importanse of irrigation in production of 
anopheles mosquitoes is difficult to determine, ‘hoe tact that malaria is present 

where irrigation is not practised is proof that. irrigezion is not the only factor, 

but it is equally true that malaria is also present in higher regions in which 
irrigation channels are practically the only ones that ccritain water. Observations 

at Fajardo, Ponce and Aguirre clearly indicate that irrigation water in its course 

from the mountains through the cane fields to the ocean is, under certain conditions, 

a source of large numbers of malaria mosquitoes and is an important factor in any 
campaign to centrol the disease. In addition, the canals serve often for collec- 

tion of rain water when irrigation is mot practised and as the system may not serve 
equally weil for drainage much breeding of anopheles mosquitoes take place. 

The Main Supply Canals. = In regions whore Government canals are present, 

water is usually drawm off from these; otherwise from rivers, deep wells, or seepage. 
Government canals are, a8 a rule, kept clean, water is constantly in motion and it 
is doubtful if many of these canals are sources of anopheles mosouitoes. of 


~~ The problem inthe main ditenes “dliring the’ usual seasen is twofold; (1) The 


margins become overgrown with grass end as they are not usually straight, excellent 
conditions are produced for anopheline treeding in indentations end vegetation even 
tho a swift current may flow thru the center. In cement lined canals the vegetation 
may extend over the sides of the canal until it reaches the vater where it may give 
protection to larvae. During the driest months the effects of vegctation are some~ 
what offset by the changes in water level which are produced by the varying demand 
upon water for irrigation. 

(2) Seepage and overflow from these ditches is also an important cause of ano-~ 
opheline breeding. This is commonly seen in regions where the canal passes along - 
the side of a hill and the adjacent lowlands my be kept continuously wet. In other 
regions tubes which carry watcr over low places cften leak or open canals overflow 
forming large wet areas below. ; 

Reservoirs. - The smaller reservoirs would seem to sorve mainly for collec- 
tion of water during the night or other short periods when irrigation was not being 
practised. The larger ones serve to store water during periods of excess so that it 

“may be used during periods of drought. During the.soasons when the demands upon 
water are great tho water level is changed often and tho reservoir may become com- 
pletely empty. No mosquitoes breed when either of these conditions exist. 

During the periods of excess rain irrigstion water is only occassionally needed 
and the water level in the reservoirs rennains quite constant. In one instance near 
Ponce a small reservoir and a main supply channel almost 1 kilomoter long leading to 
the reservoir woro found filled with stagnant water for a period of almost two months 
during which time cnormous numbers of anopheles larvae wera found in tho grassy mar— 
gins. Reservoirs produce most mosquitoes when demands upon them are light and 
changes in water level slight. One betweem Ponce and Juana Diaz was practically dry 
auring the dry season but for 3 months in the fall it was filled up to the. point 
where it extended into adjacent cone fields and pasture lands, contained large 
amounts of debris and served as the breeding ground of cnormous numbers of mo squi- 
toes. Numerous other instances could be cited. 

he Deep Wells. = As pointed out by Greene in work at Aguirre the sump pit at 
the sight of these wells commonly contains large amounts of wator, especially in the 
‘rainy months. Numerous instances have been Since, in which this water contained 
large numbers of larvae of malaria mosquitoes. 

Distributing Ditches. ~ For lack of a better namo tho ditches which take 
water from the main supply ditches and deliver it to the individual ficlds are thus 
d2signated. These ditches are probably noxt to supply ditches the main sources of 
liilaria mosquitoes and due to the fact that they arc most abundant, probably are of 
rore importance. The irrigator's view of the handling of water is thet wetor is 
always moving and that it only stands in fields a commarmiively siors tine, as 


He 
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24-36 hours, and thorofore cannot produce mosquitocs. Observations thus for havo 
shown that water about the plants is handlod as claimed, excopt in exceptional in- 
stances, for since the greatest production of cano is dosired and stagnant water 
about plants reducos production, care of water in ficlds is as important as many of 
tho procedures in tho extraction of sugar. Lack of caro means loss of monoy. 

But wator in the ditches which surround cano ficlds does not affect the growth 
of cano in the center of fields md lack of attention to stagnant water in these 
citches does not affect the production of canc; but according to observations it 
increasos the production of anopheles mosquitoos greatly and in the long run is loss 
to the Company due to tho sickness among its labor. 


-METQOD_OF HANDLING WATER. 


Reference to a rough diagram of a system of irrigation my help to make the 
points clear. Water is drawn off of a main goverment canal or rivor "A" into main 
ditch "B" which may breed under conditions already statod. ~ a i 

(1) It is then desired to distribute the wotcr to Field I. An opoming is made 
in the side of canal B at point "1" so that wator flows into distributing ditch cl 
which is blockod at point “2" by a mud dam or "tapén" which raises tho water to the 
necessary lovel to introduce water into the Field I. Dam "2" is often ngt mado 
thick enough or high onough so that water overflows or seeps through into ditch C5 
beyond and may fill it for a long distance. 

(2) Ficld II is maturc cane not needing irrigation but it is desired to carry 
the water boyond to Field III which is young cano. Water enters through opening "3" 
passes along ditch "C 2" to "C 6" at the end of which a dam (4) has beon placed to 
raise the water to the necessary height. In order to keep water out of Field II a 


dan igs placed at No. 14_A" several yards away from the distributing ditch "C" and an 
area of stagnant water between the ditch and dam "4 4" results. Since it is.e field 


Siderable. 


(3) It,is thmdesired to irrigate Field VI; both Ficlds I¥ and V boing mature 
cane or cane not neoding irrigation. Ficld VI is on rolativoly high ground and it is 
of ditch 013 are often not made high enough or thick enough so that in raising the 
water Lovel to reach Field VE water ovorflows into Fields IV ad VY, forming oxtensiye 


(4) Im case of irrigation of Field VII which is the last ono supplied by ditch 
"B" which from thon on may be a drainage ditch, the dam is placed at "8" instead of 
at the entrance to ditch "C 4" and a ditch of stagnant water is thus formed. In caso 
that all fields in this area havo been irrigated, all ontrances to ficlds are closed 
and the dam at "8" may bo left in. 
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to help keep the lond moist by filtcring of water from the ditch. Numerous dams may 
bo left in place along its coursc to hold the water for this purpose. In soils which 
do not absorb rapidly water my stand in some of these ditches from one irrigation 

to the next. 

(5) The ground water level is undoubtedly raised in the lower lmds by seepage 
from irrigation on the higher lands so that often coxtonsive vot areas are produced 
which form breeding grounds for anophcles mosquitocs, 

(6) In many cases drainage channels lead directly to a rivor or the ocean so 
that disposal of water is promptly taken care of. Often, however, the grade is low, 
vegetation covers the banks of the ditches, which may becomo partially biocked by 
debris and dirt.-;Since thero is either rain or irrigation at all times, these drain- 
age ditches havo watcr more or less continuously. 

At other times the water is poured into pasture lend oither because there is no 
other conveniont placc to put it or in ordor to obtain us good a growth of grass as 
possible. In oither caso tho practico cannot be sondomicd too thoroughly from the 
standpoint of danger as source of malaria mosquitwcs whon tho pasturos aro near 
rogidences. 

Eifect of Rain. = The dambhavo beon shcm to be important factors in producing 
conditions favorablo for brooding of mosquitoes during iho dry months, Since irri- 
gation ditches also sorvo as drainage ditches during th: rainy months and since all 
dams are not romoved or only particlly so, drainage is soricusly impeded and series 
of stagnant pools above the dams aro found. It is during these months that anovheles 
mosquitoes are more active. Canals that previously wore being constantly usod and 
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oftentimes almost dried because of excessive demands of irrigation are now not used 
at all, become filled with more or less stagnant rain witer, or serve as drainage 
ditches which are not well cared for. The watcr they contain is outside of the cane 
fiolds, does not affect the growth of. cane but serves as excellent breeding areas 
for mosquitoes. 

The problem of control of malaria in swamp lands by antimosquito measures is a 
problem in itself. For control of breeding in irrigatod cane ficlds, however, there 
aro a few principles which, if applicd, ought to reduco romarkedly the production of 
mosquitocs. Changing the levol of water at short intervals of 4=5 days or-a wock, 
pormitting irrigation ditches to run as nearly dry as possible and then filling 
again will produce remarkable results in reservoirs and ditches which do not contain 
floating debris or vegetation. Attention to proper placing and construction of dans 
as well as their complete removal when not needed is also quite cssential. The good 
obtained by permitting dams to remain in place in order to colloct water which may 
_. Secp into adjacent ficlds must_be. cnormous,to. of fset..the damage -done..by-mosquitoos...— 

breeding in this stagnant water. From the standpoint of malaria poutrowte practice 
is oxtremaly dangerous. Reasonable caro of drainage channels to provide adequate 
and prompt discharge to river or occan will be of grcat aid in the campaign. For ° 
the further studies of these and many other points a campaign is in progress at Fa~ 
jardo for the control of malaria and it ig expected that the desirod rcosults will be 
obtained, in a resonable length of time. 


-RKETCH_OF IRRIGATION SYSTEM, 
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